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PROTEOTING OROHARDS AGAINST FROSTS AND FREEZES. 
(By W. L. HOWARD, Professor of Horticulture, Uni"ersityof Missouri) 
The problem of protection from frost is as old as fruit growing. It 
will be of interest to briefly review a few of the methods employed in the 
past. 
In Italy, and also in France, cloth screens have been extensively used 
to protect both trees and vines from frosts. The screens were strung 
. on wires stretched on poles. Twelve to fifteen years ago screens made of 
laths were used to cover trees in Florida. Although the laths were an 
inch and a half apart, they afforded considerable protection from frost 
by confining the warm layer of air to the earth. 
In Oalifornia sprinkling devices have been fitted to the tops of 50-
foot poles, and by this means the air was filled with a very fine spray. 
'rhis extra moisture in the air, in almost every instance, proved to be a 
sufficient protection against frost. On the same principle fruit trees 
have been protected from; frost by turning water into the irrigation 
ditches during the night. 
SMUDGING. 
In European countries, particularly in France, it has long been a 
custom to ,fight expected frosts by creating · a dense smoke, which "was 
allowed to float over the vineyai'ds. This method of frost protection is' 
known as smudging. A smudge fire may se'rve a double purpose. Ow-
ing to the fact that on cloudy nights radiation from the earth is so re-
duced as to · prevent the formation of frost, it was thought that an arti-
ficial obscuration of the sky by means of dense smoke would be a suceess-
ful means of protection. . 
Besides preventing the radiation at night, of the heat absorbed by 
the earth during. the day, a smudge, if made of damp material, may add 
considerable quantities of moisture to the air. Such smudges are made 
by burning a mixture of damp straw and stable manure, sacks of manure 
alone, bales of wet straw or excelsior, the prlmings from trees and vines, 
etc. Smudges of this kind are said to be better than those made ()f tar, 
crude petroleum and other dry materials, for the reason that in addition 
to creating a dense smok~ they . add to the atmosphere a . considerable 
amount of evaporated water, which, though invisible, serves to retard the 
radiation of t'heheat,. 
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In' making the dry smudges for the value of the dense smoke alone, 
the citrus fruit growers of California used burning coal extensively. 
The fuel was placed in wire baskets and fired by various devices. Crude 
petroleum was used for the same purpose. About ten years ago they 
discovered that by using from 20 to 50 coal burners pe,r acre, enough 
heat could be generated to actually raise the temperature in the orchard 
from 2 to 5 degrees, which was sufficient to save the crop. 
This discovery marked the rear beginning of practical orchard heat-
ing. The California growers found that to equip an orchard with 50 
baskets per acre, represented an outlay of a little more than $5.00. The 
fuel per night cost from $2.50 to $3.00, but it was unusual to have more 
than two or three nights in a season when fires had to be us'ed. Crude 
oil was also used for the same purpose, but at first coal was the more 
popular fuel, and is still preferred by many. 
ORCHARD HEATERS. 
Beginning with the spring of 1907, the use of oil and coal for heat-
ing orchards of apples and other deciduous fruits, has become very 
popular in Colorado. At some of the more famous centers of that state, . 
notably at Grand Junction, the temperature at the time apples are in 
bloom will sometimes fall several degrees below the freezing point. By 
the use of orchard heaters, burning either coal or crude oil, it is claimed 
that the temperature can be raised eight, ten or even twelve degrees. 
To accomplish such results it is necessary to use the burners at the rate 
of 100 to the acre, and to heat large areas at the same time. Dangerous 
. cold there often sets in as early as nine or ten o'clock in the evening, 
and may last until daylight, or even sun up the next morning. 
However, with all these odds against them, the fruit'growers during 
the past spring (1909), united. and combated the elements all night for 
five nights, and every newspaper reader is familiar with the details of 
their brilliant success in saving their crop of ,apples, amounting to al-
most 4,000 cars, In this instance both oil and coal burners were used. 
It is becoming popular to speak of these as "smudge pots," but this is 
misleading. While the burners do furnish a great amount of smoke, 
which has considerable worth as a smudge, their chief value lies in the 
heat that they generate. The fires actually warm the air, and it is only 
by keeping them going that it is kept warm. However, if there is a 
slight movement of the air thesmokeJ will drift along at no great height, 
and in such an instance helps to prevent the escape of the heat, and thus 
the smudge · feature become§ usefuL 
The oil pots ineommon use holdfrorn one to .~vegal1ons. A gallon 
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of oil will burn for about four hours. A coal burner, holding one-
fourth bushel, will last about three hours. 
The devices for burning coal are really stoves of the simplest de-
sign. They are often made with an oil basin at the bottom, which is first 
. lighted and, of course, burns quickly and rapidly. In this manner heat 
is generated quickly, and by the time the oil is burned out the coal is 
well ignited. 
The oil ' pots are of differnet makes, but all are essentially the same 
in principle. The pots are made of stovepipe iron, and the smaller ones 
of from one to two gallons capacity, are six to ten or twelve inches in 
diameter, a foot or so deep, and fitted with three legs or rest on a rim. 
Each kind claims some superior point of merit. For example: One kind 
that is extensively used has an open tube, extending. from top to bottom 
of the inside of the pot, much like an old-fashioned cake pan, which is 
for the purpose of carrying a current of air in to the center of thefl.ame. 
This additional supply of oxygen causes more perfect combustion of the 
oil and results in greater heat being g~nerated. 
Oil pots, holding a gallon of oil, cost about $15.00 per hlmdred f. o. 
b. shipping point. By the thousand they would come cheaper. 
EXPERIMENTS IN SMUDGING. 
For many years the Experiment Station at the University of l\Ijs-
souri has been testing devices for protecting fruit trees from late spring 
frosts. Beginning ten or twelve years ago, smudging was employed on 
several different occasions. Smoke was generated by burning tar, barn-
yard manure and other refuse. As a rule, it was impossible to get the 
smoke to hang over the orchard for a sufficient length of time to have 
any appreciable effect in preventing the escape of heat radiated from the 
earth. Fires were built on the windward side of the orchard when there 
was any ,movement of the air, and when it was quiet the fires were 
started on all sides, as the area under experiment was small, consisting of 
only an acre or two. At other times movable fires were made by piling 
earth ina wagon and building upon the mass a fire of smouldering ma-
terial. By moving from place to place, the smoke was distributed where 
it seemed to be most needed. 
By 'the most conscientious work, it seemed impossible to raise the 
temperature more than a degree or two, even under the most favorable 
conditions. 
Threeyears ago a test was made of the value of refined oil (kero-
sene), as a me.ans of creating a smudge and for generating heat for 
warming the orchard. Porous bricks were soaked in the oil and when 
stood on end and lighted, would burJl foralmost ,atJ: hour. Noteriough 
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smoke was formed to be of any practical value as a smudge, and the 
:flames produced by the burning bricks were too small to exert much 
influence upon the temperature. However, by using the burning bricks 
at the rate of about 100 per acre, there was a raise in the temperature 
of one or two degrees, but only for a short time, as it was found im-
possible to keep a sufficient number of bricks burning lively at the same 
time and continued long enough. 
'rhis experiment was tried in the apple orchard, and onr best ef-
forts could not prevent the formation of frost. 
On the next night when there was a still heavier frost an at-
tempt was made to protect a peach orchard. On this occasion coal tar 
,vas used to supplement the kerosene. Various devices were resorted to 
to generate heat and smoke from the two combustibles mentioned. By 
pouring tar over excelsior, a dense smoke was created and considerable 
heat was formed. But perhaps the .best success attended the use of: 
tar in tin cans, which were set upon the kerosene-saturated bricks . . The . 
latter, upon being lighteel, furnished enough heat to boil the tar, which 
soon ignited and burned fiercely. 'rl~ese fires were kept up during the 
hours of early morning, and for the most part where the fires were well 
distributed, the fruit was saved. At this time the peaches were half an 
inch long, and at their most tender stage. Owing to the . irregular dis- . 
tribution of the fires and the limited area over which they extended at 
all systematically, it was impossible to secure any reliable temperature 
readings. At points where trees were surrounded by fires, the tempera-
ture at times was raised as lll;uch as five or six degrees, but it did not 
remain constant. 
ORCHARD HEATING EXPERIMENTS. 
Last spring we experimented for the first time with a patent orchard 
heater. We used the Troutman oil pots, holding one gallon each. The 
fuel was what is known as fuel oiL Where seventy of these pots to the 
acre were used in an apple orchard, the temperature was raised as much 
as three ang. one-half degrees, but where 100 to the acre were employed, 
the air was made as much as eight degrees warmer than other parts of 
the orchard where there were no heaters, but the trees in the latter case 
were planted much closer than in: the former. 
This experiment showed that the pots were of practical value and 
that the temperature in an orchard, under ordinary conditions, could be 
raised materially. However, it should be remembered that results se-
cured from heating smaIl areas,are not to be compared with the results 
.that might be obtained where large areas are heated, because the more 
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heaters that are used in a district at the same time, the easier it will be 
to keep up the temperature. The effect is cumulative. 
The fuel oil used was donated by one of the big oil companies, and 
the price quoted for the mate'rial was six cents per gallon in barrel lots 
f. o. b. St. Louis. Later, quotations were secured from another oil com-
pany at five cents per ga.llon f. o. b. Kansas City, to be delivered in the 
co"mpany's tanks. It is very probable that it could be secured at much 
better figures if the demands were sufficIent. 
In Colorado the fruit growers use what is known as a "smudge oil," 
which is the crude product with the gasoline removed. This costs them 
from 21/2 to 31/2 cents per gallon in ta.nk cars .. 
Under Missouri conditions it will be necessary to use on the average 
one-half gallon per pot per night or with 100 to the acre a total of 50 
gallons of oil per night. This will be sufficient for protecting . against 
the ordinary spring frosts where the temperature only falls to the danger 
point late in the night. Sometimes, however, severe freezes occur in late 
spring when it will be necessary to light the fires as early as 11 o'clock 
in the evening. In this event it would require a gallon of oil, and some-
times more, to last during the remainder of the night. It will seldom 
be necessary to use the heaters more than two or three nights in the 
year. In an abnormal season it will be necessary to use them three or 
four nights. If they were used for two nights during the first year 
the total cost for the pots and oil would amount to only about $20.00 
per acre. The pots should last at least five years, so that the subsequent 
cost per year per acre would be very light, when compared with the 
value of saving a crop. " 
The figures quoted assume that the fruit grower ·will know when to 
light the fires, and that they will not be lighted unless necessary. If 
the fires were lighted when it is unnecessary there would be a consider-
able waste of oiL In fact, some instances have come under my own 
obseryation where fruit growers attempted to use smudges made of 
brush and refuse and they invariably started the fires too soon and as a 
consequence the fuel was ail consumed and the heat and smoke lost be-
fore the danger point of cold was reached. 
TE}lPERATURE DANGER POINTS FOR PEACHES."" 
In the life of the peach bt£d there are four stages at which the crop 
may be lost because of injury fro~ cold. The first stage is that of the 
fully dormant buds as we find them in early winter. At this time under 
normal conditions they can safely withstand a temperature of eight or 
nine degrees below zero· F., but if the temperature should remain at 
Ohandler, W. R., Olre. No. In, . Mo. Agrl. Exp. Sta.lPOO. 
6 
nine degrees below for some considerable time there might be some in-
jury. But it should be remembered that the average peach tree con-
tains about 25,000 buds, 'whereas 1,000 peaches to the tree would con-
stitute a heavy crop. It will thus be seen that a large number of buds 
may be killed and yet a full crop remain. At a temperature of zero or 
a little below, many of the weaker buds may perish and at 8 or 9 below 
there will be a wholesale slaughter so to speak, although there is no rea-
. son why a sufficient number may not remain under normal conditions 
to furnish a full crop of fruit. 
The second stage when injury may occur is from the time growth 
in the buds begins until they are 'fully open. This is a critical period, 
as severe weather is apt to occur at this stage. At ' this time the buds 
, are much more tender than when fully dormant. The temperature' that 
will kill at this time 'will depend upon the stage of development of the 
buds. 
The third stage is the time which intervenes between the opening 
of the flowers and until the petals fall. This is the time when late frosts 
are apt to occur. They are now very tender. At this point the danger 
point lies somewhere between 26 and 30 degrees above zero. 
The fourth and last stag0 begins after the fruit has set and lasts 
until all danger of cold weather has passed. 
Just after the fruit has formed, and at the time when the "shuck" 
or calyx is beginning to fall, the young fruits can stand a temperature 
of 32 degrees, and beyond this stage the larger the peaches are the less 
. cold they can withstand without injury. It may be repeated that the 
farther along the peaches are ' in their development the more tender 
they are. 
Briefly summarized, fully dormant peach .buds can stand 8 or 9 
degrees below zero. , When they are appreciably ' swollen zero is the 
dan,ger point. Wllen the buds are showing pink they can stand 15 de-
gree~ above zero. When the buds are almost open, 25 degrees is the 
danger point. When they are newly opened about 26 degrees would be 
the point of danger. When the petals are beginning to fall, 28 de-
grees above zero is cold enough to .cause uneasiness. When the petals 
are off they can stand 30 degrees above zero. When the "shucks" 
( calyx' tubes) are beginning to fall off 32 degrees above zero is the 
danger point. 
,The above figures will serve asa guide to the fruit grower as show-
ing the' proper time to light the fires in the orchard. It was said that 
, many persons light the fires too soon and in such cases it is not only 
a waste of fuel, but it does no good whatever in anyway unless , they 
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have plenty of material on hand to keep the fires going afterwards lmtil 
all danger from the cold is passed. 
Most people who have lived in the country very long know weather 
. conditions well enough to have a pretty good idea when there is danger 
of a heavy frost. Generally it may be said that if oth~r atmospheric 
conditions are favorable for the occurrence of frost .asa1'111e, frost may 
be expected when the temperature -falls to a point 8 or 10 degrees ,above 
freezing-that is, when the thermometer 'reads fi:ol1l. 40 to 42 degrees P. 
PREPARING 'I'HE HEA'l'ERS AND FUEl,. 
In using oil heaters everything should be in readiness for lighting 
tIle fires weeks in advance of the tilile they are expected to be needed. 
The pots must not only be distributed but they must be filled with oil. 
One method of filling is to pass along the row with a barrel of oil on 
a sled. By 'means of a suction pump and a piece of hose the oil is 
quickly transferred to the pots. Another way is to have an open barrel 
of oil and fill the pots with a bucket. After being filled the pots should 
always be covered so as to prevent rain or dust from falling in them. 
Lids are made to fit all of the different sizes of heaters and these should 
be purcha.<;ed along with the pots. 
When the heaters are filled a wick for lighting should be provided. 
Since the pots are plain, open vessels, a wick is best made by using ' 
a small roll of cotton waste, grass or straw, which touches the oil and 
hangs over the edge of the heater. In lighting the pots by means of a 
gasoline torch the lids lllay be lmocked off and the wicks fired as fast as 
a man can walk. 
A very considerable item of expense in using the oil heaters is in 
providing storage for the oil at convenient points. rrhis usually is 
done by constructing cisterns in the orchard, or, better still, by providing 
tanks which are filled by force but emptied by gravity. 
On accollllt of the first expense of installing facilities for handling 
large quantities of oil, some prefer to use coal as a fuel for orchard 
heating. The price of coal will vary considerably in different communi-
ties. Where it costs 14 cents per bushel or $3.50 per ton, the expense 
is ab,out equal to three gallons of oil at five cents per gallon. Thus one 
bushel of coal will fill a burner four times and each filling will last for 
three hours. Three gallons of oil will fill a small burner three tilJles 
and each filling will last four hours. 
The objection to coal is that it is slow work filling the heaters and 
when first lighted some time elapses before much heat is generated. 
The oilburris fiercely within ,a Illinute after lighting. It is also objected 
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that much coal is lost by being scattered upon the ground about the 
heaters and in continuing to burn after frost daI:(ger is past, while the 
oil can be extinguished at any time by merely putting the lids on the 
pots, thus saving the remainder of the fuel. 
WHEN TO I-IEA:T APPLE ORCHARDS IN MISSOURI. 
The discussion so far regarding the danger point of cold has been 
for peaches only. For apples the conditions would be different up to 
the time the buds began to swell. During the dormant state in the 
winter time, apple buds are capable of withstanding" any temperature 
which "'\vill not kill the trees themselves. Dnlike the peach, apple buds 
when dormant, do not contain all of the parts of the flo'wer fully 
forme<:l and ready to open up with the appearance of the first few warm 
days. \~~en the dormant apple buds do begin to grow in the spring 
they first push out a tuft of leaves which are followed by a cluster 
6f blossoms. The apple buds are not influenced by a little warm sun-
shine like the buds of the peach, and consequently they do not begin 
growing until after there has been considerable warm weather. 
We find the peach buds opening in Central Missouri in a normal 
year along about the 24th of March, while the apple will be about two 
or three weeks later. Apple buds require a high temperature before 
they begin to grow appreciably. Peach buds on the other hand, 
particularly in late winter· and early spring, are apt to respond to a sin-
gle day of warm sunshine by making some growth. 
Because the apple blossoms ' com~ out one to three weeks later than 
peach buds open, they are much less apt to be in danger from frost. 
Dnder Missouri conditions orchard heating will be needed for the peach 
crop far more often than the apple. There are seasons, however, as 
vv~<; the case in 1907, and again in 1908, when frosts and even freezes 
came early in )\iay, when all the orchard fruits, including apples, were 
so far advanced that they were practically all destroyed by the low. 
temperature. 
If the fruit grower has both peaches and· apples, it will be neces-
sary. to provide heaters for both the orchards. While the peaches may 
require protection a week, two weeks, or three weeks, and in some <;.ases . 
as much as four weeks, before the apples are in danger, they will need 
to ,?e protected again later on, if the temperature is sufficiently low to 
endanger the apples. 
When the apple buds have grown sufficiently for the petals to be-
gin to show they can ' stand a lower temperature than it is popularly 
supposed . . At this time they could possibly withst~nd from 10 to 12 
degrees of freezing. Jj-'rom this stage onward their resistance to cold 
beconies less and less as growth progresses. 
When the petals are well emerged but have not opened up, they 
could stand from four to six degrees of freezing, and as soon as they are 
open but not yet fertilized, there would be great danger of injury if 
the temperature fell as low as two or three degrees below the freezing 
point. Just at this stage the apple is perhaps in more danger than 
the peach apparently for the reason that the fruit is borne on long 
stems which seem peculiarly susceptible to injury from cold. From 
now on after the flowers have been fertilized, with the petals dropped, 
and the young fruit increasing in size, the slender stems which sup-
port the apples are unable to resist a temperature lower than the freez-
ing point At this stage it is a eJurious fact that the apples seem to be 
more hardy than their stems but if the latter are injured. of course the 
fruit also suffers. 
In giving danger points for the various stages of developme)lt 
in both the peach and apple the writer has tried to be conservative. 
Experience in artificially freezing thousands of peach buds has shown 
that in the various stages mentioned they will often withstand lower 
temperatures than those given as danger points. However, so far as the 
practical fruit grower is concerned the figures will serve him as a. 
guide as to whe'llthe fires in the orchard should be lighted. 
PRACTICABILITY OF USING ORCHARD HEATERS UNDER 
MISSOURI CONDI'l'IONS. 
The good results which have been attained by the use of the orchard 
heaters in Colorado have almost always been in the valleys. A great 
many of the orchards in Missouri both peach and apple, are planted on 
high ground which is often rolling. Since cold air is heavier than 
warm air and therefore has a tendency to drain away from the high 
ground to the lower levels, the orchards located on high ridges and 
hilltops would be much less apt to be endangered from frosts, and 
hence there would be less necessity for heating. Warm air being lighter 
has a tendency to rise and great loss of heat from the fires which are 
kept burning in the orchard results because the air when warmed may 
quickly rise above the level of the trees. This is particularly true of 
still, cold nights whe:p. frosts are ,likely to occur. When the wind is 
blowing the warm air does not arise, but is carried off in a horizontal 
direction. On this account more success will · attend the heating of 
orchards when the air is slightly in motion than when perfectly quiet. 
Furthermore, when the air is moving rapidly conditions are unfavor-
able for the formation of frost. 
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Thus it will "Qe seen that cold, 'st.ill night.s are t.he ones the fruit 
grower dreads, because of the danger from frost and the great difficulty 
of heating the orchards. In Missouri there are not many orchards of 
much consequence that are planted in low ground. Hovvever, judging 
from results obtained in Colorado it would be quite possible to heat the 
valleys to a sufficient extent to save the flowers or young fruit from 
being frozen. But if the area were small and consequently only a com-
paratively small number of heaters used, it would be quite difficult or 
even impossible to raise the tempcrature high enough. 'Vith an area 
of twenty to fort.y acres in a block in a valley, properly heated 
throughout, there would be very few times if any, when the crop could 
not be saved. Upon high ground, as has been seen, even though the 
surface be rough, the heat will not flow do\Vll hill but escapes npward 
or is carried off along the ground by the wind. 
In Missouri there will be few seasons, indeed, when raising the 
temperature as much as five degrees would not save the crop. Of course 
the higher the ground is where the orchard stands, the less the danger 
from frosts and the fewer the number of degrees it will be necessary 
to raise the temperature to save the crops. For example, there have 
been many times in South Missouri when if the temperature could 
have been raised two degrees on the hilltops the crops might have been 
saved. On the same occasions it would have been necessary to raise the 
temperatUl:,e perhaps five 01' six degrees on adjoining land with an 
elevation of . one hundred feet less . 
By using from 75 to 100 oil pots per acre, if the orchard is fairly 
well elevated, it should not be difficult under conditions that usually pre-
vaiL in Missouri, to raise the temperature from two to foul' degrees. 
This will generally save the crop. 
I would advise that the oil pots be placed as near the trees as it 
1s possible to get them ",ithout injury from the flames. If the trees 
are headed high it will be possible to place the heaters beneath the 
branches and in some cases even to slL'lpend them from the limbs. In 
this way even though the .heat goes straight upward and is lost, a .new 
supply is constantly supplied and the jnterior of the trees kept warm. 
Apple trees should not be planted thicker than 70 to the acre and on 
rich soil they will be still farther apart so that if conditions will permit 
of heaters being placed beneath the branches, one to a tree, the number 
that will be necessary per acre, can be quickly determined. 
